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This invention relates » a novel surgical apparatus for use in osteoplasty and 
other methods of injecting materials into a subject for medical purposes. Particularly, 
fcc present invention relates to the surgical treatment of traumatic, pathogenic or 
osteoporotic bone conditions of the human and other animal body systems and more 
particularly, to a novel apparatus and method for injection of a material into a lesion 
of a vertebral body or other bony structure. 



BACKGROUND 

Lesions within the bone can result from osteoporosis, tumor, or other 
pathogenic causes. Most common among the elderiy population is the degenerative 
effect of osteoporosis, particularly the female elderly. Osteoporosis is mediated at 

15 least in part by genetic defects and a fall in circulating estrogen levels. Although 
calcium replacement therapy can have some beneficial effects, the larger doses of 
calcium involved have other less helpful consequences and accordingly, the prognosis 
for those with bone demineralization is not particularly good. Of great concern is the 
fact that every year in the United States there occurs approximately 1 .2 million bone 

20 failures due to osteoporosis. Vertebral compression failures are a major orthopedic 
health concern of the elderly due to the long term debilitating nature of the injury. 

Historically, osteoporotic vertebral body compression failures have been 
treated with bed rest, analgesics, and intravenous hydration during the first week after 
onset of the problem. These steps are followed by the prescription of a soft or firm 

25 spinal corset, depending upon the physician's preference. In most cases the corset is 
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^longed inactivity should be avoidrf if possible. 

- . u ■ ^ ^r,j 0 ved to alleviate vertebral compression 
Traditional surgical techniques employed to <" 

M*. « to*. -+r M. «» ' **■ ^ 

returning the patient to a normal life style. 
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' ' ^ with the necessary equipment Funher. W protect against accidental damage to 
the spinal cord during the conventional transpedicular approach to the vertebral body, 
the patient is typically placed in a restraining device and stereotaxic procedures are 
used to guide the physician's drill and cannula through the pedicle. Due to the 
5 extraordinary care and precision required in conventional vertebroplasty, the time 
needed to complete the surgery and the cost associated with the procedure can be 
extensive. Further, genera! anesthetic is no, recommended due to the close proximity 
of the physician's instruments to the spinal cord and die associated need to 
communicate with the patient. This requirement, however, also causes concern of 
I0 movement of the patient during the surgery, movement wruch could have serious 
consequences should the spinal cord be damaged as a result. Scholten et al. in U.S. 
Patents 4,969,888 and 5,108,404 teaches the conventional surgical technique of 
vertebroplasty with the additional step of employing a balloon as an expansion device 
within the body of the vertebrae to compact the osteoporotic cancellous bone away 
15 from the center and against the walls of the vertebral body. This additional step to 
conventional vertebroplasty, taught by Scholten et a!., is intended to provide 
additional space within the vertebral body to accept the flowable bone cement through 
the needle (syringe). While the conventional vertebroplasty technique using 
conventional surgical apparatus has the distinct disadvantage of drilling through the 
20 pedicle with the potential risk of damage to the spinal column, this additional balloon 
expander employed in the process of Scholten et al., provides an additional 
disadvantageby compressing the naturally present internal matrix of the osteoporotic 
vertebra against the wall of the vertebral body. Absent this natural matrix, the 
■ injection of bone cement into the cavity created by the compressing step results in the 
25 formationofanunsmtcmredbobsofbonecementmmecenterofme 
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„ - which as i result lines the walls of 
Because of the compression of cancellous bone, which 

fcevertebra.thebonecemen.whichtsn^ 

*th the vertebral «H thus resuhmg m a potenually 
a strong, direct, bonding contact with the verteo 

^olccr post-surgery vertebral body. 

^i.^.g^^for.*^^^^ 

• i„n«d for a vertebroplasry procedure and 

efficiently treated- There is a particular need for a 

, «,fer fester procedure that ultimately 
soared msm^enution which provide a safer, fester p 

• ^sbral body wherein *e injected matenal 
r^lrs in a repair to the osteoporotic vertebral booy 

ru anca llousbo n e,whichalongwithdirect 
10 does not disturb the natural matrix of the cancellous* 

, a method of percutaneous bone failure fixation, 
mention provides an apparatus and a method P 

•which satisfies these needs. 

SUMMARY OF THE INVENTION 

f the nresent invention can be generally used to 
The process and apparatus of the present m 

, • „f*,v injectable material into any of the 
perform osteoplast that is the introducuon of any W 

, u k a The nresent invention is particularly statable for 
bonesortissuesofthebody.Thepresenti 

. . . v# „ ^ susceptible to compression failure 
injecting materials into bones which have or are sus ep 

n «hone More particularly. this invention relates to a 
20 due to lesions within cancellous bone. More p 

v • • ^on of materials for the fixation of lesions 
method and apparatus, involving the mjecnon of maten 

r^A of osteoporosis, tumor, other pathogenic 
„ failures of bones, particularly as a result of osteop 

• ^ on is especially suitable for use in the vert ebroplasty 
conmtionsortraurnxThemventionisespea 

of vertebral body compression failures, 
^cedures.suchas.thefixationorprevennonofver, 

v ^ f^oresent invention can be used for a 
25 ^cughmeinstrumentationaridmemod.ofthepresen 
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, cuehas failures or lesions m nones 
wide variety of osteoplasty procedures, sucft as, taiiw 

throughout the body. 

An object of the present invention is to provide an apparatus, which is useful 
to the surgical procedure of safely introducing a materia, into a lesion or space within 

5 or around a bone or tissue. 

Another object of the present invention is to provide a surgical method for 
safely introducing an injectable material into a lesion or space within or around a bone 
or tissue. 

More particularly, it is an object of the present invention to provide an 

10 apparatus, which is sized and configured to safely contact or breach the cortical bone 
and establish an introducing channel through the apparatus and through the cortical 
bone into the cancellous bone through which a material can be introduced. The 
.nateria. introduced into the interior of the bone can be any biocompatible or 
therapeutic materials, such as, for example, antibiotics, whole cellular implants, 

15 natural products ofcells, recombinant nucleic products, protein products of 

tecombinant cells, allograft or autograft bone, bone cement products as are well 
known in the an (such as polymethylmethacrylate and the like), or any other fiowable 
material useful for therapeutic, prosthetic, or bone strengthening purposes. 

Another object of the present invention to provide an apparatus, which is sized 

20 and configured to be used by a physician to safely introduce a material into the 
cancellous bone of a vertebral body. In the surgical procedure of the present 
invention the apparatus can introduced by direct vision, open or percutaneously. 
laproscopically. thorascopically, or by open surgical procedures. The apparatus can 
be introduced into the vertebral body by a variety of approaches, to include, for 

25 example, postero-lateral and lateral and/or bilateral percutaneous approaches and a 
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^edicularapproach. Such introduction of the apparatus «n be acconmUshed 

— 6™. taT scanning or sophisticated 
wilb or without the conventional requirement for WU ™» 

ttplane fluoroscopy and further can be performed safely using general or local 
„«*edc »o irrigation, evacuations^ 

vertebral body, 
avertebra- 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 
The invention will now be described, by way of illustration only, with 
reference to the accompanying drawings. 

^«-titc of the one embodiment of the 

FIG. 1 is an isometric view of the components of the 

15 apparatus of the present invention. 

ambled Guide wire and Aligning 
FIG. 2 is an isometric view of the assemDiea vjui 

Cannulae of the present invention. 

FIG. 3 is an isometric view of the assembled Delivery cannulae and Plunger of 

the present invention. 

20 FIG. 4 depicts the present invention equipped with an optional syringe system. 

FIG. 5 is a depiction of a guide wire mat can be used in the present invention 
a Luer lock for providing a fluid tight attachment to an infusion device or 
syringe. 
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PIG. 6 is a depiction of a delivery cannulae that can be used in tbepresent 
fcvenuon. which is configured «o be capable of receiving the guide wire shown m 
FIG. 5- 

MmA m \A e wire and delivery cannulae shown 

FIG. 7 is a depiction of the assembled guiae wire an 

5 5nFIGs.5and6. 

FIG. 8 is a depiction of a handle configured to be capable of removable 

. pig 5 or the cannulae shown 

anachment to the Luer lock of the guide wire shown tn FIG. 

m FIG. 6. 

FICs. 9A-C are detail views of the handle shown in FIG. 8. 

, .. ,„f,K, handle shown in FIG. 8 which is 
l0 FIG. 9D is a depiction of an embedment of the handle 

u, ~,; ma t end for purposes of exposing me proximal end 
configured with a removable proximal end tor puip 

« iinn and extraction from the delivery 
of the guide wire for ease in movement, insertion, and ex 

ca nnulae. FIG. 9B-F shows example, of some of the alternative end attachments, 

• ^canbeemployedwiththehandUshowninFlG^D. FIGS. 9H-G depict a 

a ™th the oresent invention. FIG. 91 is a partial 
1S cannulatedT-handle which can be used with the presen 

v j;™«,fnfthe oresent invention employing a 
sectional view of an alternative embodiment of the pre 

hand le having a remote proximal end, which acts an extended impact surface. 

FIGS. 10A-B are cross-sectional side (10A) and end (10B) views of the 
ph^er shown in FIG. IOC, which can be used with the apparatus of the present 
mention. FIG. 10C is a depiction of the plunger assembly, which includes the 

„ _ _,_ c , nn I are various views of an alternative 
handle shown in FIG's. 10A-B. FIGS- 10D-J are vano 

, , ,u , ^ h , used with an embodiment of the present 
embodiment of a plunger.that can be used wnn 

invention employing a threaded plunger and cannulae. 

• r »,,^ 0 nerated plunger actuator which can be used 
FIG. 1 1 A is a depicnon of a hand operated piung 

• «,t?nr, FIG 1 IB is a depiction of a type of 
25 with the apparatus of the present invention. FIG. l id 
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• . for use in the metnoc ot tne present 

^ge which can be used to conum * 

- e^n« which can be used with 

11 a Unlike other plunger 
4. band operated plunger actuator shown « FIG. A. 

. nfAeoresent invention allows for conwDed 
actuators, this plunger actuator of the present 

• , — Mot bv the operator. FIGS. 1 lC-E are 
injection down to 1 cc of matcnal per squeeze by th op 

..i^-tvoe cannulae which can be used to eontam 
depictions of an alternative mulblumen-type cam 

,i 5im eetion in the method of the 
mon one material for simultaneous or sequential lnjecnon m 

present invention. 

no. ba a > *m- * - ° f *° mab ° d ° f * 

, r . ^liverv of a material into the bone 
^.f, join, »C « <* ta. * — — 

.„ of - me chanism which can be employed to 
shown in FIG. 12A showing an example of a me 

..rfcnoloev depicted in FIG. 10 maintains a 
steer the flexible cannulae. Tne plunger technology dep 

HG,.13A-Bshowaspeciali 2 ed impact forceps, whichc.be useuwiththe 

„~ of facilitating the entry of the device into 
device of the present invention for purpose of faceting 

the bone. . . 

- • «r <. rnnventional prior art method oi 
FIG. 14 and FIG. 15 are depictions of a convention P 

20 vertebroplasty. FIG 14. shows a transpedicular approach to the vertebral body. FIG. 

naieisadepictionoftheapparatusofthe present invention positioned 

r -Jd bodv during operation of the method of the 
relative to a sectional view of a vertebral body curing 

preferred embodiment of the present invention. 
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FIG. 1 7 is a depiction of a first alternative embodiment of the method of the 
present invention showing a bilateral approach to the vertebra. Such a bilateral 
approach would preferably be done in order of first one ride and then the other, 
although the figure depicts both steps simultaneously. 
5 FIG. 1 8 is a depiction of a second alternative embodiment of the method of the 

present invention in which the cancellous bone is penetrated with minimal disruption 
of the cancellous bone to permit more extensive infusion of the injectable material. 

DETAILED DESCRIPTION 

j 0 The apparatus and method of the present invention can be adapted for use in 

the introduction of any material into any bene that contains a lesion or sufficient 
porosity to accept the materials. The employment of the apparatus and surgical 
procedure of the present invention in vertebroplasry, particularly to treat vertebral 
compression failures which result from osieoporotic conditions is herein described 

15 below as illustrative of the present invention. 

■ The following description of the device of the present invention relates to 
FIG'S. 1-3. The apparatus of the present invention is an intraosseous injection device 
generally shown at 1 . One object of the present invention is to use the injection 
device 1 in a surgical procedure for the safe, effective introduction of materials into a 

20 lesion within a bone, whereby the procedure includes the introduction of a first guide 
wire 2 having a tapered end 4 for effectively breaching the dense compact bone, for 
example, the cortical bone of the vertebra. An aligning cannulae 6 is configured and 
sized to easily pass over the first guide wire 2 and when passed down the shaft of the 
guide wire 2 serves as a soft tissue protective sleeve from the point of entry of the 

25 apparatus into the body to the contact point at the exterior surface of the bone being 
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jssraneBt 14 trottsbt iDto contart with the bfloe bcos 

A «*. a » *- - - 4 »- d ,0 "* «" °" r ** 

, , • _-«„«fihedelivervcannulae 12 over the aligning 
member 24 can be used for insertion of the delivery 

^ae 6 and for improving the grip of the user wben placing the securing edge 18 
**^a-*.l2*n»-~***» on the outer surface of «he bone being 

v "ia ,un ran be useful at a later step of the 
15 ^ed. The removable handle member 24 also canoe use 

ffcmthebodyofmepatient. The surface ofOte delivery cannulae can be provided 
^ paduated indicia 30 which provide depth of penetntion infonnation during 
20 insertion by the user. 

extend from the tapered end 4 to the .ore proximal guide wire blunt end 28 . The 

, _ . , ,t,. oatient during the surgical procedure of 
depth of insertion of the guide wire 2 mto the pauent ounng 

23 the present invention. 
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A plunger member 32 can be provided with an ergonomicaJly conhgnrea 
^mg member 34 atafcst end which ^^—-tf"— *" 
p.unger member 32 as « snuggly pa.se, through the materia! conduit 14 of the 
dcli very cannuiae 12. Toe second end of the plunger member 32 is configured to 
^veabhm. smooth dp 36. The fit of the pI unger member 32 within the materia] 
^it 14 of the delivery cannuiae 12 is such that easy sliding engagement of the 
ptog er is pennined without allowing the passage of the injectable material 
p^ally past the blunt smooth dp 36. Further, the plunger member 32 is sized 
diametrically to provide a fit within the material conduit 1 4 so as to permit the release 
of air p.ximally past the plunger while maintaining the PS1 of the injected material 

• t a'^Uv thmuch the outer cannuiae and into the 
as the plunger forces the material distally tnrougn me u 

n forre aeainst the gripping member 34, displace 
subject. The user can, upon exerting force against uic & 

the plunger member 32 through the length of the material conduit 14 of the delivery 
cannuiae 12 and, in doing so, displace any preloaded injectable material out of the 
distal end of the material conduit 1 4, through the breach formed by the tapered end 4 
of the guide wire 2 and into the interior of the bone being treated. 

. ^rth* material throush the material conduit 14 
Alternatively, the movement of the material mru & 

v^ebrae could be accomplished by means of a 
and into the cancellous bone of the vertebrae couju D 

n m FTH 4 at 38. The syringe system of the present 

syringe system, generally shown in FIU. 4, ai 

tendon can include a fluid connector 40, such as, for example, a convendonal Luer 
fed, a bayonet fining, a hydraulic quick disconnect fitting, or any other fluid tight 

iti- ■ Ik* «i The fluid connector 40 .which would be attached 
fitting as is well known in the art. lncumu^ 

, ,^ j * n,»tH rioht communication with the material conduit 
to the delivery cannuiae 12 and in fluid ognt commuiu 

An to * wrinee via a flexible conduit 44, or 
14 can be attached directly to a synnge 42, to a synnge via 

. a - n fi.ri<m device as is well know in the art (not shown), 
alternatively to an automated infusion device as 
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• ^„<,« but with one of mow air passages 
jyrfage 42 in a manner conventional to synnges but win. 

, .„„ on ^ plunger tip 42a. When 
^gcd on one or more than one annular nngs 42c • P 

a m multiple annular rings 42c, it is preferred 
multiple air passages 42b are arranged on multiple ann 

. „■„„!> are offset from the air passages 
10 that the air passages 42b through one annular nng42car 

, -„ 42c The fluid connector 40 can be anached to the 
42b from an adjacent annular nng 42c. Tne tiuio 

cannulas 12, at right angles to the longiTudiK*! «ia °f *< <W' VCI y cannulae 12, « at 

. . ,w. Heliverv cannulae 1 2, which will 
position or any angular arrangement to the deuvery 

♦v* mixin* of the injectable material, 
r «r*c*-nt invention, tne nuxin 0 UA ^ j 
In the process of the present invciiuw-u, 

^asbone cement, couldbe accomplished within the syringe system. 

mother altemadvemodeof operation wouldpermitthc movement of the 
pbmgercanbe automated bv attachment of an dcctm-mechanical or pneurno- 

WUhout deputing from the concept of the present invention presented « . 

. • 5 12B can be provided for use in the method 

peripheral elements as shown mHGs 5-12Bcano p 

of the present invention. 
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As t*st shown in FIG. 5, a locking guide wire 46. having an attached 
lfl np W dinaEy aligned male Luer lock 48 and female Luer lock SO can be provided for 
«e with a corresponding alternative delivery cannulae 52. the locking guide wire 
^ving corresponding guide wire connectors 54. FIG. 7 shows the alternative delivery. 
5 cannulae 52 assembled with the locking guide wire 46. FIG. 8 shows a locking guide 
wfc. handle 56. which can be secured to the locking guide wire by the Luer lock 48. 

As best shown in FIG*. 9 A-C. the locking guide wire handle 56 defines a 
tongirudina. lumen 58. which is sized and configured to permit passage of the locking 
guide wire 46 as well as the .arger cross dimension diameter of the delivery cannulae 
10 52. Theguidewirehandle56= a nbeprovidedwithaviewslot60,whichmaybe 

pipped with a magnifying or non-magnifying clear cover (not shown). T*e viewing 
slot 60 is sized and configured in the guide wire handle 56 to permit the user to view 
the graduated guide wire indicia 26 during operation of the present invention. The 
ability to view the guide wire indicia 26 during operation of the present invention 

, . . __;t e tfc,. operator to know the depth of insertion of 
] 5 provides a safety feature, whuch permits the operaior iu 

. • ax- «nmilae and/or outer cannulae. The guide wire 
the subsequently positioned aligning cannulae ana/« 

hand le 56 can define a first clearance hole 62. which provides cross access to the 
,ongitudina] lumen 58 and has an orifice diameter sized and configured to correspond 

j t v^n drive the aliening cannulae into position, 
to the guide wire 46 and can be used to help dnve tne uigw 5 

t_ « ^ «m;iarlv configured to define a second clearance 
20 The guide wire handle 56 can be similarly coruig 

, *_ a.«^rtn the first clearance hole with the 

bole 66, which serves much the same function as me nr* 

t , , . v n i e ; s sized and configured to assist in the 

exception that the second clearance hole is sizcu at & 

The impact connector element 64 can be 
insertion of the large delivery cannulae 51 I nc impac 

^hVh correspond to either the first clearance 
provided in cross-sectional diameters, whicn corrcsp 

, , ,.u n ufi6 The handle distal end 68 can be provided 
25 bole 62 or the second clearance hole 00. 1 nc i*u 
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. ^ _.. imfl mh to connectors 54 of the 

»— 

— ^» 

, ,~™retor 70 is shown m FIG- 9B. 

above, it is within *e concept of the 
^vidingthebandle connecoon described aoo e, 

^ ^; nn using any known connection 

^ rot invention to provide the handle connecuon usmg 

^^chcanbeusedtofacihtate^locaaonandpene 

fthc alternative delivery cannnlae 52 m 
vertebra. The advantageous use of the altera 

v , s«ter twovides the user with a device , 
Ration with such a modular pedicle finder provid 

edicular approach far superior to that known 
15 accesrinsthevertebralbodybyat^sped.cularpp 

15 i.- — nf the euide wire 2, or loaang 

• te ^ The positioning and direction of insertion of the gu 
m - maec guidance means such as fluoroscopy, 

• wire 46 can be facilitated by using image gmoan 
^ we 46 can loynlC nt of registration 

CATscan.MRIorunelike.Stereotacticmethodsandtheemp »» 

•„ wire insertion when the 
^esc^alsobeemployedtop.videaccuracymguidewir 

20 ^ofuhemvenuonisp^^ 

20 ^ • 46 10 oerfonn a transpedicular approach to 

~r»K. i«-lcina euide wire 46 to penon" 
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_ the or oximal aid o! tne gome wu* *o» 
proximal end 72 permits the user to expose the pro* 

• from the delivery, cannulas The 
^ in movent mscrrion, and extraction from the «* 

■„ handle 56 can be releasably secured to 
^ovab.e proximal end 72 of.be guide wirehandle 

r»k*dile connection means, such as, for 
the guide wire handle 56 by any kno^n rdeasble co 

coner-pin connections, fhction 
< sample, threaded connections, snap-fit cordons, cotter 

, of some of the alternative end 

coro ecrions.andtheuke. FIGs. 9E-F show examples so 

, .u- alternative embodiment of the guide 
^cnts which can be employed wtth the alternau 

c — for the removable proximal end / 1 
wire handle shown in FIG. 9D. A*y configuration for the rem 

• ■ ™rf ac - forthe user is within theconcept of thepresent 
to* provides a gripping surfac- for the us 

u ^ m ^t< of the removable proximal end 72 are 
10 invention. Preferred alternative embodiments of the 

. 7fin r, G 9 E)andtheT-handl=fonn78(FlG. 

the spherical or oval gripping surface 76 (FIG. 9E) 

a the nresent invention includes the 
97) Alternative handles which can be used with the pres 

. • PTrs 9G-H FIG. 91 provides a partial sectional view 
emulated T-bandle shown in FIGS. 9G H. 

,.*n;™e another option for the removable 
ofoneembodimentofthepresentinvenuonuutongano 

v, -~„ a rt extension member 72a. This opnonal 
15 proximal end 72, that of a removable impact extensio 

,„^ac- which surrounds and protects the 
maD ber enables the user to attach an impact surfac. whi 

^ wire if impacting the device is necessary during operation. 

■■ m ber 82 which is secured by a removable lock pin 84 
have a removable gripping member 82, wnic 

nluneer assembly 80 with the gripping 
20 or similar securing member. The alternauve plunger 

„, „ ulom ated impelling means (not shown) 
mcm ber 82 removed can be configured to an automat 

muc hl*eautomated^^ 

^^^^^^^^ 

• i ^ronoh the material conduit can be 
ptog er assembly in moving the material through tb 

• j rtvrr nressurizing the matenal into tne 
25 aatomaucaDycontrolIedbythet^ertoavoidoverpressun 
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, ,„^, at jvc embodiments of the present 
« G S 10D-Jptovidedepicoons of alternative 

warion which can use a standard threaded plunger and 
5 mvenncn.wmcn -aa** plunger. Such 

^^mFlGS-lOF^along-u^edoropnonaln^gtrpp g 

m .controlled insertion of the plunger 

. Vnressure from the maienaloeingmjected 
and m inherent resistance to any back pressure tro 

, • „ h-ndics which can be used with 
^gh the device. FIGS. 10H-J depict ahemanve handl 

f The oresent invention; particularly those 
described embodiments of the present in 
l0 any of the earner descn . togfflCOOer 82a can be used to provide 

• rwvs 10D-G The swivel ball gnppmg mem 
shownmnGS. 10D G. Th Jy one ofthe threaded plungers depicted in 

e^e of movement of the plunger, parucularly one of th 

FIGS. 10D-G- used to 

FIG UA shows a band operated plunger actuator 86, b 

^,tmal conduit 14 of the present 
« assistrnmeinrnellingofmematerialthmughmematenal 

r 47 which can be used to contam the 
mention. FIG. 1 IB shows a type of synnge 42 wht 

the svringe being an example 
serial for use in the method of the present mvennon, the syn 

„ the hand operated plunger actuator shown 
of the woe syringe which can be used with the hand P 

of the type syruig in ^ m0 v=ment of 

bFK} . 11A. Otherimpellingdevicescanalsobeused 

• , .nduit 14 without departing from the concept of the 
20 the material into the material condurt 14 witn 

©resent invention. . 

i the use of an intraosseous injecnon 
The present invention also contemplates the use 

, _ , „ hove ^th the alternative modification 
device sinular to the embodiments described above with 

-nw along the bore of the lumen which can 
of nroviding hnnens which incorporate nfhng along 

of providing of material insertion and allowmg the 

• 25 beofasristancetomeuserinenabhngtheeaseorm 



16 



WO 00/54705 PCT/US00/WK43 
^ of air or ofcer fluids of less consistency than that of the material being infused 

* serial conduit U are such that the material is easily forced through the conduit 
without loss of the material around the plunger, yet air or other light consistency 

. . u ^ allowed to pass away from the body around 
fluids within the material conduit 1 4 are allowed 10 

tbe plunger to freely escape. 

lt « also within the concept of the present invention to provide an intraosseous 
fciocrion device which has multiple lumens for passage of the material into the body, 
fcus allowing for the possibility of mixing of materia! components at the time of 

ta a variety of situations, to include, for example, when it is desirable to wnhhold 

of injectable materia! components as long as possible prior to injecting the 

^ed components into a subject. As best shown in FIG- 1 IE, * e device can be 

provided with a separate plunger 1 1 8a, 1 1 8b for each lumen; the plungers being 

configured such that they can be operated independently or can be operated together 

by apply pressure to the overriding handle of one of the plungers 1 1 8a. 

me»hod of thepresent invention, which 
FiG. 12A shows an application of the meJioa oi w y 

, o« r*r delivery of a material into the bone 
employs a flexible delivery cannulae 88 for del.very oi 

;„t« fhe ac-tabulum 90. A sealing washer 92 
material of a joint, such as, for example into the ac-taou, 

ofentryintothebone. FIG. 12B is an enlarged cross-secnonal depiction of the 
flexible cannulae shown in FIG. 12A showing an example of a mechanism which can 
be employed to steer the flexible delivery cannulae 88. FIG 12B depicts a steering 
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, fc ^^ ve fleering wires being arched m 
tbe other and the other end of <be «pecnve steenng ^ 

,„vreel control 100 located adjacent to theLuer 
^ticn one to the other to a rotary reel contra 

QPP ^ . oa ^-cvstem 94 described heron and 

^of^edenverycannnlae.Thesteenng.nresystem 

. eflfist eeringsystemwluchcanbensed 
^own in FIG. 123 is provided as an example of steering ^ 

the concept of the present invention to 
5 in thepresent invemion. It is. however. -thin the conccp 

^anvof^e^.eansofprod.ringa^eca^er. 

. -r«r»s 102. as shown in FIG'S. 13A-B. 
AJso provided is a specialized impact forceps 102, 

, ccan be used in conjunction with the device of the 
TT,e specialized impact forceps can be usee 

.,. • entrvofthe device into the bone. Tbe 
p^tinventionforpuxposeoffaohtanngtheenoyof 

^ted by a user much like surgical forceps known tn the 
10 impact forceps 102, are operated by a use 

.^nnnosing halves 106a and 106b of the forceps 
art. A hinge member 104 connects the opposing 

v ir>«ed tiahtly together. A forceps lock 108 • 
^owingthehalvesloeaandlC^btobeclosednghtly 

. , v«i into a closed position. Unique to the 
^owsthehalveslOeaandlOebtobelockedtntoaclos 

. ^movc 11 G and a second groove 

^ized forceps of the present invention ,s a first groove 1 1 

v v - richtlv closed when the forceps is in the 
, 5 112 found in the end of the forceps wluchtsnghtlyclos 

15 .tin is sized and configured to securely 

Cosedandlodcedposiuon. Tbe first groove 110 ts sue 

.„ ■ lement 2whichissizedto fi t«hefirstclearanceho»e62ofthe 
graso the guide wtre element 2, wmcn 

H ^ove 1 P is sized and configured to securely grasp 
guide wire handle. 17* second groove 11- is 

element64 which is sized to fit the second clearance hole 66 of 
an impact connector element 64, wm™. 

r ^I02canhaveastrikingplatell4,whichis 
,0 theguidewtrehandle. The forcepsl02canM 

_,„r nsine a mallet, hammer, spring- 
25 sdli-.d^i.B-ted^^"^'"^" 1 - 



IS 



WO 00/54705 OT/US0O/O6643 

in its most general form, the surgical procedure of the present invention 
includes the step of the physician by tactile sensation, recognizing the appropriate 
ba ck-pressure on the plunger gripping member and thereafter ceasing the manual 
induction of injectable material into the cancellous bone. It is. however, within the 
3 scope of the present invention to provide a back-pressure sensor attached to the device 
, Mch that when the preselected back-pressure on the plunger member is reached, me 
physician is apprised of the situation and introduction of material can be discontinue*. 
U i5 ftobcr, within the scope of the present invention for the alternative embodiment 
whi ch provides for automatic infusion of the bioma.erial through the device 1, to 
10 provideaprocessorwhichreceivcs a back-pressure signa! at a preselected back- 

...... «n-r.fTstena] to the automatic infusion 

pressure and in turn transmits a pressure cut-on signal 

system. 

The injection device of the present invention can be fabricated from any of a 
variety of materials, which are compatible for use as surgical instruments. Examples 
|5 of such materials include metallic materials and non-metallic materials, which are 
suitable for use in surgical instrument manufacturing processes. Metallic materials 
can include, for example, surgica, instrument grade stain.ess steel and alloys thereof, 
iodized aluminum and alloys thereof, and titanium and alloys thereof to include 
nickel-titanium. Non-metallic materials can include, for example, thermoplastics, 
2 0 ceramic materials, carbon fiber materials, composite materials, and the like. 

It is within the scope of the present invention to provide a kit, which includes 
,hc injection device disclosed above. The kit could also include some or all of the 
alternative features discussed herein, to include the injectable material. Such a kit 
could be provided in an appropriate packaging, which could be designed for 
25 autoclaving or other means of sterilization. 
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. Alternatively, t&en^ 

^^^^^ * ^< i .**«**"*>«*»' 

• I rATscannin8 t °I ,recIS y 

25 I— 
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• ,-^nvffltionalvertebroplasty.appantus 
^ for pedicular approaches u^ngthcconv^ 

-«i«na into the cancellous bone of the 
md the conventional procedure of deeply penetranng into 

, ■ -wtn conventional methods, however, the 
the .ranspedicular approach angle is similar to conven 

„f the anoaratus of the present invennon 
10 improved control of depth of penetrauon of the appara 

r safety over conventional apparatus 

p.ovides greater accuracy and therefore greate. safety 

^vpneed by the discussion in Gray s 
methods. ItiswellKnowninthear.asevtdencedby 

«,d 454 that the relatively thin-walled extenor 
Anatomy, 38* Ed. (1995) at page 427 and 454, tb 

«. th«- trabeculae of cancellous bone 
compact bone derives powerful support from the trabe 

, « Hntl 5 through and penetrates well into 
„ located within. Conventional vertebroplasry dnlls thro gn 

15 1 , thg 15) thus severely disrupting the natural 

<he cancellous bone of the vertebrae (see FIG. l», * 

-^-»,r, in the preferred embodiment of the 
internal reinforcing structure of the vertebra. In the p 

. m ,e throueh the cancellous bone and 
presC nt invention the guide wire 2 does not penetrate through 

, ^heculae of the cancellous bone.. The result 
therefore does not radically disrupt the trabeculae . 

• a,..M through the material conduit 14 of the 
20 is that when the bone cement is mtroduced through 

«. namrallvporousconSguration of the intact 
delivery cannulae 12, it flows into the naturally po 

f « rmWcinvL the natural internal 
cancellous bone thus taKng advantage of, not replacing, 

supporting trabeculae structure of the vertebra. 
25 — 
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., j^faaonorecess does not completely fill the 
only of the vertebra. This umtotenlmfimon pro 

. • „f *e cancellous bone; but fills it sufficiently on 
porous smciure of the natural matnx of the cancel* 

one side to fully support the failed vertebra. 

^^cte.u.FlG.lT.utaualte^c^bodh.entoftheprocessof^ 

» rffc ^«,-.*-*-*"' li * ,, * r * i,M * flB 
d esires, to subtly fiUalloftheporous^ofUtecancenoushoneofthe 

vertebra. " *.u- 

„ „..«—— — — '* 

preM fc^on =o.. M *• - *— » - - — 

M^mnQ the material conduit 14 of the 
cancellous bone of the vertebra and thus posmorung 

, nmore cent nl to the cancellous bone portion of the vertebrae. As 
delivery cannulae 12 more central 

w — — 
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What we claim is: 



1 An injection device comprising: 

. deliver cannula* having a proximal end and a distal end. which are 

, , • __rf.u 0 f acting as a material conduit, 

ejected by a cannulaebody, and a lumen capable of aenng 

said lumen passing from said proximal end through said distal end; 

. . „ - ^ ^ configured to slidably pass 
an elongated plunger, said plunger bemg stzed and conngureu 

through said lumen; 

2 Aji Wc cdon to*, ■ccarfi.g » cto 1. tote con^S 

• v~.««<t a first end and a second end 
an elongated guide wire, said guide wtre having a first en 

M.«n«.tadv said first end being configured with a 
connected by an elongated guide wtre body, saic nr* 

, . „ ^-jcai hone sufficient to form a channel 
taper, said taper being capable of breachmg corneal bone su 

through said cortical bone; and 

and a tapered end, said aligning 
an aliznins cannulae having a gripping end anc op 

>*. - » — * »- — *-* ™ ^ 

drcumferentially over said aUgning cannulae. 

. -i«m5 wherein said guide wire comprises 
3 . An injection device according to claim 2, wherein sai gu 

graduated indicia on said guide wire body. 
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i«n r wherein said delivery cannulae 
paduated indicia on said embody. 

.. „ dafni 2. wherein said plunger comprise a 
, Aa injection device according to ctean a 

v - , ^ being connected by a plunger body 
fc, ^ having a gripping member, sa,d first end bemg 

j -r4t«inff member compnsmg a swivel 
to a second end having a Wont smooth op, said gnppmg man mp— 

joint axially aligned with said pinnger. 

, • i therein said second end said guide 
6 to Ejection device according to claun 2, wherein sa, 

wire comprises a gripping member. 

, wher ein said aligning cannulae 
7 . M injection device accordmg to claun-,wher 



comprises 



a textured surface on said blunt end. 



, - 9 W herein said delivery cannulae 
8 . An injection device according to claun 2, wherein 

prises a securing edge on said distal end. 

. , wherein said plunger comprises a 
9 Aninjecriondeviceaccordingtoclaim2.>vherem 

, ~* >,nHv 10 a blunt smooth tip end. 
phmger gripping member connected by a plunger body 

.. tn dai _ 2 further comprising a syringe system 
10 An injection device according to claim 1, rurui 

, ^™ fluid communication with said delivery 
connected to said delivery cannulae and m fluid comm 

cannulae lumen. 
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,,. ^ injection device according to claim 10. -herein said syringe system i5 
^ovab.y connected . -id delivery cannulaeby a connector selected from ft. 



group 
fitting. 



coning of a Luer loci, a bayonet Stung, and a hydraulic quick disconnect 



12 An tojecdon device according to claim 1 1 , wherein said connector is integral 
^ said proximal end of said delivery cannulae and is aligned with the longitudinal 
axis of said delivery cannulae body. 



13 . An injection device according to claim 10, wherein said syringe system is 
connected to said delivery cannulae by a flexible conduit. 

14 . An injection device according to claim 2, wherein said guide wire comprises 
an attached longitudinally aligned a Luer lock connector. 

15 . An injection device according to claim 14. wherein said handle comprises a 
Lu er tock configured to releasab!y engage said Luer lock connector of said guide 
^e. said handle Junher comprising a longitudinally aligned lumen opening at each 
end of said handle. 

An injection device according to claim 1 1, wherein said connector of said 
delivery cannulae is a Luer lock and said handle comprises a Luer !ock configured to 
releasably engage said Luer lock connector of said delivery cannulae. said handle 
fcrtte comprising a longitudinally aligned handle lumen opening at each end of said 



25 



PCMJS0MK643 

wows*** 

•~rioa wilh said tanen of said 
. fluid eonnwaaeanon w«» 
1-Bte aid handle lumen bcmg»B°> 

delivery cannulae. 

, . , fi ikean said handle further 
, ^iriecdondeviceaccprdingto^^^ 
l7 ' ^topermitviewmgoflbehandl* 

rttd ^T6. wherein s-idhandle farther 



handle lumen, sajoi^- 

said guide wire. 

, . wber ein said handle farther 

handle lumen, said second clears 
^dve said aligning carmulae. 

, ^ !6 wherein said handle further 
20 ^^ecuondeviceaccordingtoclannl^h 

^sesaremovableproximalLaerlcclccnd. 

.ccordingtoclah.lO.wher.nsaid^csVStem 



; ffi automated impelling mut 



21. An injection donee 
comprises 

,. 21 herein said automated impelling 

of said syringe system. 
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. . ,i,««T2 wherein said automated impelling 

23. An mjeetion device according to clann 22, wnerem 

«ut further comprises a pressure sensing unit. 

, • n „ti«eiii said device is formed of 

24. An injection device according to dann 2, wherein saio 

• • *-^„iess steel, anodized ahsninnm, 
aerials selected from the group constsung of statnless steel, 

thermoplastics and glass. 

i ■> wherein said delivery cannulae 

25. An injection device according to claim 2, wherein 

lumen comprises multiple lumens. 

26 An injection device according to claim 1, further comprising: 

. elongated guide wire, said guide wire having a first end and a second end 

slidably pass circumferentially over said guide wire. 

27 An injection device in combination with an utjectable material comprising: 
m elated guide wire, said guide wire having a first end and a second end 

through said cortical bone; 
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. ...-fad,,, end and a tapered end, said aligning 
„ aligning cannulae having a gnpp»ng °» 

^ im.mv oass drcumferentiafly over said guide 
^ulaebeing sized and configured to sbdably p» encumr 

wire; 

_:_*t and a distal end, which arc 
a delivery cannula* having a proximal end ana 

^,au 0 f acting as a material conduit, 
amsesgi by a cannulae body, and a rumen capable ac 

• , a ,w,„sh said distal end, said delivery 
lumen passing from said proxunal end through sai 

- ,. ne , ;dab lv pass circumferentially over said 
cannulae being sized and configured to shdably P 

aliening cannulae; 

, ^ We sized and configured to sUdably pass 
an elongated plunger, said plunger bang stzea 

through said lumen; 

.—*«— 

u **t tmon controlled movement of said 

recombinant cells. 



29. An intraosseous injection device comprising: 

.. - Ae having a first end and a second end 
an elongated guide wire, said guide wire oa 

.. . rebody and said first end being configured with a 
connected by a elongated gu.de wire body, ana 
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^ rfd taper being capab.e of breaching cortical bone sufficient to form achannel 

through said cortical bone; 

m aHgning cannulae having a gripping end and a tapered end, said aligning 
cnnulae being sized and configured to slidably pass cirannferentiaUy over said guide 
wire; 

a delivery cannulae having a proximal end and a distal end, which are 
connected by a cannulae body, and a lumen capable of acting as a material condui, 
^ lumen passing from said proximal end through said distal end, said delivery 
cannulae being sized and configured to slidably pass circumferentially over said 
aligning cannulae; 

an elongated plunger, said plunger being sized and configured to slidably pass 

through said lumen; 

a removable handle configured for secure attachment to said proximal end of 
said delivery cannulae, said delivery cannulae being equipped with a handle retention 
member integrally formed in said proximal end of said delivery cannulae. 



30. 



. method of introducing an injectable material into a subject, the method 



comprising: 

introducing a delivery cannulae to a delivery site of a subject, wherein said 
delivery site is within a bone or adjacent to a bone; and 

inserting material through said delivery cannulae into said delivery site, 
wherein said inserting step is accomplished by activation of a plunger being moved 
within said delivery cannulae. 
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, . oM Electable material into a sui 
31 A method of introducing an mjectaoi 

comprising: 

m «?* through the cortical bone of a subject; 
introducing a guide wire througn 

, m ulac drcnmferentudly over said gmde wire until 
introducing a delivery cannulae, arcmiu 

lafi contacts said conical bone. said delivery cannula* having 
said deUvcry cannulae contacts saw 
^extending .he lengthofs^ddeUverycaruiulae; 

moving said guide wire from the subject; 

• . the bone of said subject by movement of 
infusing said injectable material into the bone 

Mm sized and configured to force said 
aplunge.withinsaidlumen.saidptungerbemgs.zed 

« •» ^jtrinn air from with said lumen to 
injectable material through said lumen while permitung 

escape proximaUy past said plunger. 

'• • ,. Me material into a subject, the method 
32 . A method of introducing an injectable material 

comprising: 

^ucingaguidewue^ughmecorncalboneofasubject; 

said ali^g cannulae contacts said corticalbone; 

, x„vi M a lumen deferentially over said 
introducing a delivery cannulae havmg a lumen 

, ,-, „;d delivery cannulae contacts said cortical bone; 
aligning cannulae unul said delivery cam 

a ~;a »1ianinz cannulae from the subject; 
removing said guide wtre and satd aUgmng cann 

. 5,1 into said lumen, and infusing said injectable 
infusing an injectable material into said lumen. 
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delivery cannulae while permitting air from with said lumen to escape proximal* past 
said plunger. 

33. A method according to claim 31, wherein said guide wire introducing step is- 
into the body of a vertebra of the subject via an approach selected from the group 
consisting of posterc-lateral approach, unilateral approach, bilateral approach and 
lateral intracordcal bone penetration approach. 

34. A method according to claim 3 1 , wherein said guide wire introducing step is 
into the body of a vertebra of the subject via a transpedicular approach. 

35. A kit for introducing an injectable material into a subject, the kit comprising: 
an injection device according to claim 1; and 

an injectable material selected from the group consisting of bone cement, 
antibiotics, whole cellular implants, natural products of cells, recombinant nucleic 
products and protein products of recombinant cells. 

36. A kit according to claim 34, wherein said injectable material is 
polymethylmethacrylate. 

37. A kit according to claim 34 further comprising: 

a syringe for connection to said injection device; and 
a container for enclosing said kit, said container being packaged for sterile 
delivery and suitable for off-the-shelf use. 
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